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Abstract: The activity of two aloys, PtzSn/C and Pt;Ru,/C, was compared with
the activity of Pt/C modified with corresponding amounts of Snypp (=25 %)
and Ruypp (=40 %) in the oxidation of ethanol. PtzSn/C, PtzRu,/C and Pt/C
catalysts were characterized by XRD analysis. To establish the activity and
stability of the catalysts, potentiodynamic, quasi steady-state and chronoampe-
rometric measurements were performed. Both alloys are more active than
Snypp- or Ruypp-modified PY/C catalysts. The electronic effect determining
dominantly the activity of PtzSn/C is the main reason for its higher activity
compared to PtzRu,/C. Since Snypp and Ruypp do not provoke any significant
modification of electronic environment, both modified Pt/C catalysts were less
active than the corresponding alloys. More pronounced difference in activity
between Pt;Sn/C and Snyypp-modified Pt/C than between Pt;Ru,/C and Ruypp-
-modified Pt/C is caused by the electronic effect in PtzSn/C. The high activity
of Pt3Sn/C modified with a small amount of Snypp (=10 %) can be explained
by combining the electronic effect, causing less strongly bonded adsorbate on
Pt sites and easier mobility of the Snypp, with an enhanced amount of oxygen-
containing species on the Sn sites, resulting finally in areinforcement of the bi-
functional mechanism.

Keywords. ethanol oxidation; platinum—tin nanocatalyst; platinum—ruthenium
nanocatalyst, platinum nanocatalyst; underpotential deposition.

INTRODUCTION

Ethanol is promising fuel for direct alcohol low temperature fuel cells due to
islow toxicity, high energy density, mass production from renewable sources and
easy storage and transportation. However, the lack of an efficient and selective
anode catalyst able to break the C—C bond providing complete oxidation to CO»
with an exchange of 12 e~ per molecule and to oxidize the adsorbed fragments
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produced by ethanol dissociation is, at present, the main problem for a practical
use of ethanol in adirect ethanol fuel cell (DEFC).

Despite of fact that platinum is generally known as one of the best elec-
trocatalysts for alcohol oxidation at low temperatures, it has limited capability for
C—C bond scission and is easily poisoned by CO and other carboneous inter-
mediates.1-> To improve its electrocatalytic activity, especially at potentials of
technical interest (E < 0.6 V vs. RHE), Pt is modified by the addition of transition
metal s, providing oxygen-containing species at low potentials which facilitate the
oxidative removal of poisoning species through a bifunctional mechanism.6 The
addition of the second metal to platinum (by underpotential deposition or alloy-
ing) creates bimetallic catalysts and changes the electronic and structural pro-
perties of the base material thereby influencing its catalytic properties. It also al-
ters the number of large Pt ensembles on platinum surfaces, which are important
for site demanding processes such as C—-C bond cleavage. All these effects in-
fluence ethanol oxidation on bimetallic catalysts.

Of al other studied bimetallic catalysts, PtSn/C and PtRu/C catalysts demon-
strated the best performance in ethanol oxidation.”—1°

The electronic effect induced by charge transfer from Sn to Pt was reflected
as a negative shift in the Pt 4f binding energies in the XPS spectra of various
PtSn/C catalysts.16 This finding was supported by 1.1 eV shift in the X-ray near
edge spectrum (XANES)17 as well as by X-ray absorption spectroscopic studies
(XAS), which demonstrated a partial filing of the Pt 5d-bands.18

The relevant results obtained for PtRu/C catalysts by means of different
spectroscopic techniques are rather controversial. The XAS spectrarevealed elec-
tron transfer from Pt to Ru in Pt—Ru/C catalysts,18 while, on the contrary, the
XPS data showed no significant electronic effect in Pt—Ru alloys.16 The latter re-
sults were explained by the similar electronegativity values for Pt and Ru, in con-
trast to the values for Pt and Sn which differ appreciably.

Incorporation of Sn atoms in the fcc Pt |attice enhances the Pt—Pt bond dis-
tance, thereby altering the structural characteristic of the base metal. The ex-
tended Pt—Pt distance could facilitate the dissociative adsorption of ethanol mole-
cules and promote the reaction.1>19-21 However, the reduced Pt—Pt distance
caused by the addition of Ru to Pt should not be favorable for dissociative ad-
sorption of ethanol 10,1519

From the viewpoint of the role of an ensemble effect in the oxidation of
ethanol on PtRW/C’ and PtSn/C?2 catalysts with different ratios between Pt and
the alloying atoms, it was suggested that an increase of the Ru or Sn content may
cause a negative effect on the selectivity of the catalysts towards CO» formation
by decreasing the Pt ensembles required for the dissociative adsorption of ethanol.

Recently, the activity of Pt—Sn/C and Pt—Ru/C in ethanol oxidation was cor-
related with the degree of aloying. Although the results reported so far are ge-
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neraly not unambiguous, most of them indicate that highly alloyed catalysts
promote ethanol oxidation.8:23-27

Underpotential deposition (UPD) of Sn or Ru at Pt/C does not significantly
perturb Pt structurally or electronically, as was shown in spectroscopic stu-
dies.16:18.28 The catalytic action of both atoms was associated mostly with their
ability to adsorb oxygenated species at lower potentials than Pt, permitting the bi-
functional mechanism to proceed.

In this work, ethanol oxidation was studied at two alloys, Pt3Sn/C and
PtsRu,/C, as well as at a Pt/C catalyst modified with the corresponding amounts
of Snypp (25 %) and Ruypp (40 %). This comparative investigation based on the
effects influencing the catalytic properties of these electrodes enabled a better
understanding of the differences in the activities of the aloys, as well as those of
the alloys and Pt/C modified by underpotentially deposited Sn and Ru. This ap-
proach, which to the best of our knowledge, has not been used so far, resulted fi-
nally in the comprehension of the superior activity of the catalyst created by mo-
dification of Pt3Sn/C with a small amount of Snypp (= 10 %).

EXPERIMENTAL
Electrode preparation

Commercialy available Pt-based catalysts supported on high surface area carbon were
used: Pt3Sn/C (20 wt. %) provided by E-Tek, and PtzRu,/C (33.5 wt. %) and Pt/C (47.5 wt. %)
provided by Tanaka Precious Metals Group (Kikinzoku International K.K). The catalysts were
applied to a glassy carbon substrate in the form of a thin-film.1% A suspension of 5 mg of the
catalyst in a mixture of 1 ml water, 1 ml ethanol and 50 pl of a5 % agueous Nafion solution
was prepared in an ultrasonic bath and 10 pl of the suspension was placed onto the substrate
(5 mm diameter) and dried at room temperature to form a homogenous catalyst layer. The
resulting metal loading was 25 ug cm2,

To avoid the contribution of any other anions, Sn or Ru adlayers were prepared by
holding freshly prepared electrodes at 0.2 V in 0.1 M HCIO, solution containing Sn or Ru
ions, generated by dissolution of Sn or Ru from the alloy matrix during cycling (20 cycles) of
the Pt3Sn/C and PtzRu,/C electrodes up to 0.70 V or 1.10 V, respectively. The Sn or Ru
modified electrode was then rinsed with water and transferred to the electrochemical cell.

Characterization of the catalysts

The Pt/C, Pt3Ru,/C and Pt;Sn/C catalysts were characterized by X-ray diffraction (XRD)
analysis. The XRD measurements were realized using a Siemens D5005 (Bruker-AXS) dif-
fractometer with a Cu Ka source operating at 40 mA and 40 kV and a graphite monochro-
mator.

The quantitative analysis of the phase content and crystallite size calculations were per-
formed by multiphase Rietveld refinement using Topas software and the Fundamenta Para-
meters approach for the modeling of the peak shape. The Pt(220) diffraction peak was used to
calculate the average crystallite size according to the Scherrer Equation.

Electrochemical measurements

Electrochemical measurements were performed at room temperature in a nitrogen-pur-
ged 0.1 M HCIO4 solution in a standard three compartment electrochemical cell with a Pt wire
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as the counter electrode and a saturated calomel electrode (SCE) as the reference. The em-
ployed reagents were of p.a. purity (Merck) and the solutions were prepared with high purity
water (“Millipore”, 18 MQ cm resistivity). Ethanol (0.5 M) was added to the solution while
holding the electrode potential at —0.2 V. The catalytic activity was measured using the
potentiodynamic (sweep rate 20 mV s1), quasi-steady-state (sweep rate 1 mV s'1) and chrono-
amperometric methods. The current-time transient curves were recorded during 30 min upon
the immersion of the electrode in the solution at —0.2 V and holding for 2 s prior to stepping at
0.2 V. For the CO stripping measurements, pure CO was bubbled through the electrolyte for
20 min while keeping the electrode potential at —0.2 V vs. SCE. After purging the electrolyte
with N, for 30 min to eliminate the dissolved CO, the adsorbed CO was oxidized in an anodic
scan (20 mV s1). Two subsequent voltammograms were also recorded to verify the complete-
ness of the CO oxidation.

A VoltaLab PGZ402 (Radiometer Analytical, Lyon, France) was used in the electroche-
mical experiments.

The potentials are given versus SCE. The current densities are normalized to the active
surface area.

The active surface area for Pt3Sn/C, PtzRu,/C and P/C was calculated from the the
charge of CO stripping, assuming 420 uC cm2 for a CO monolayer (Fig. 1). The CO stripping
voltammograms were corrected for the background currents to eliminate the contribution of
the double layer charge, aswell as Sn and Ru oxidation charges.2®
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Fig. 1. CO stripping voltammograms at Pt/C, PtzRu,/C and Pt;Sn/C catalystsin 0.1 M HCIO,
corrected for the background current; v=20mV s,

RESULTS AND DISCUSSION
Catalysts characterization

The X-ray diffraction patterns of Pt3Sn/C, Pt3Ruy/C and Pt/C catalysts are
presented in Fig. 2. All samples display four characteristic peaks of the face cen-
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tered cubic (fcc) crystalline structure of P, i.e., (111), (200), (220) and (311). No
peaks for either Sn or Pt oxides were found. However, this does not mean that
they were not present; they could be present but in undetectably small amounts or
in an amorphous form. The poorly resolved peak at ~ 43.8° on the diffractogram
for the PtgRu,/C catalyst is assigned to the hexagonal Ru phase (hcp). Two broad
peaks that appeared at 14.0 and 30.9° are related to the carbon support material .

Pt{111) |

A\ Piz00) , :
A Pt{220)  Pt{311)

Pt3Sn/C

Ru(1010)

10 20 30 40 5 60 70 80 90 100
20 / degrees

Fig. 2. XRD Patterns of Pt3Sn/C, PtsRu,/C and Pt/C catalysts. Vertical lines represent the
position of the peaks of pure Pt and pure Ru.

Addition of Sn or Ru to Pt leads to an expansion or contraction of the Pt
lattice, respectively, caused by their different atomic sizes in respect to that of Pt
(Rsn = 1.61 A, Rry =134 A, Ryt = 1.39 Z\), which correspondingly shifts the
peaks in opposite directions compared to Pt/C.

The lattice parameters calculated from the (220) peak as well as the mean
crystalite diameters are listed in Table I. The atomic fractions of Sn and Ru
(xme) and aloying degree (Mgjoy / %) calculated via the Vegard law8 are also
given in Table I. The atomic fraction of Sn, xg, = 0.243 is close to the nominal
content of 0.25 in the Pt3Sn/C catalyst, indicating that almost all the Sn atoms

TABLE |. XRD Analysis of Pt/C, PtzRu,/C and Ptz;Sn/C catalysts

Nominal content Mean crystallite Lattice parameter Maio
Catalysts (Pt:Me) diameter, nm nm € % ’
47.5wt. % Pt/C - 3.9 0.39166 - -
33.5 wt. % Pt;Ru,/C 60:40 45 0.3871 0.368 87.4
20 wt. % Pt;Sn/C 75:25 5.2 0.398385 0.243 96.4
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1564 TRIPKOVIC, LOVIC and POPOVIC

were alloyed to Pt. The atomic fraction of Ru, Xg, = 0.368, is dightly below the
nomina content of 0.4 in PtgRuy/C, implying that most of the Ru atoms were
incorporated in the fcc Pt structure. This was confirmed by the corresponding
aloying degrees of 96.4 % for Pt;Sn/C and 87.4 % for PtzRuy/C.

Ethanol oxidation

The polarization curves for ethanol oxidation on Pt3Sn/C, PtsRu,/C and Pt/C
catalystsin acid solution are given in Fig. 3. The positive potentials were limited
to0 0.3V to avoid any Sn or Ru dissolution.
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Fig. 3. Potentiodynamic curves for the

oxidation of 0.5 M C,HsOH at Pt/C

L (curve @), PtRu,/C (curve b) and

200 4100 0 100 200 300 pr.gyC (curve c) catalysts in 0.1 M
E/ mv (SCE) HCIO,; v=20mV st

0.00

The Pt/C catalyst exhibited a low activity (curve a). The reaction commen-
ced at =~ 0.1 V when the dissociative adsorption of water occurred, providing
OHgg species’© needed for the oxidation of adsorbate containing C; fragments
(mostly COq1114 and CH,®) and C, fragments generated by the dissociative ad-
sorption of ethanol .38

Both aloys were more active than P/C. The onset potentials on the PtzRuy/C
(curve b) and Pt3Sn/C (curve c) catalysts are shifted to less positive potentials
with respect to Pt/C by = 0.15 and ~ 0.25 V, respectively. The catalytic action of
Sn or Ru in the corresponding Pt-based alloys was correlated generally by their
ability to dissociate water at lower potentials than Pt, enabling the bifunctional
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mechanism between the adsorbate on the Pt and the OH species adsorbed on the
added metals to proceed. However, the superior activity of Pt3Sn/C with respect
to Pt3Ruy/C catalyst requires further analysis.

Alloying Sn to Pt causes an electronic modification due to the Pt—Sn inter-
action. An electronic modification in the unfilled d-band states of Pt atomsin va
rious PtSn catalysts has been evidenced by spectroscopic techniques.16-18,22
Characteristic for Sn is the decrease of the local density of states at the Fermi
level, which is in direct correspondence with the lowering of the energy of the
d-band center. Therefore, CO binds more weakly on a Pt3Sn surface than on a
pure Pt surface, which is in accordance with the downshift of the d-band centers
of the platinum atoms.31.32 The Sn atom is not a strong acceptor of electrons
from water molecules and forms a weak bond with OH.22.33 Both phenomena
should be beneficia for ethanol oxidation.

Incorporation of Sn atoms in the fcc Pt lattice leads to an expansion of the
|attice parameter, as revealed by XRD analysis (Table 1), changing the structure
of the Pt-based material. The elongation of lattice parameter may facilitate C-C
bond cleavage thus improving the catalytic activity.152021 A DFT calculation
supports this assumption, indicating that surface transition species originating
from ethanol are sensitive to the bond length and angle.34

As the Pt3Sn/C catalyst had the high alloying degree of 96.4 %, it is reason-
able to assume that both effects, electronic and structural, could be the origin of
its high activity. On the other hand, C—C bond cleavage is a site demanding pro-
cess requiring at least two adjacent (ensemble) binding Pt sites as the C—C bond
lengthis 1.5 A and the atomic diameter of Pt is 1.39 A. This means that larger Pt
ensembles are required for C-C bond breakage, while on smaller Pt ensembles,
incomplete ethanol oxidation to acetaldehyde and acetic acid should be pro-
moted. The number of the large Pt ensembles is generally diminished by incorpo-
ration of Sn into the Pt lattice, but it may be simultaneously compensated with
the structural effect originating from the expansion of the Pt—Pt distance (Table
I). However, it should be pointed out that the selectivity of Pt3Sn/C or other
PtSn/C catalysts towards CO, formation was not improved significantly with res-
pect to a Pt/C catalyst.47.810.23

Electron transfer from Pt to Ru in the PtzRu,/C catalyst18 decreases the bond
strength between Pt and adsorbate produced from ethanol .32 Moreover, the de-
creased Pt—Pt bond distance seems to be unfavorable for C-C bond cleavage.10

If electronic and structural effects are not beneficia for ethanol oxidation,
than the promotion of catalytic activity of PtgRuo/C with respect to P/C arises
mainly from the ability of Ru atoms to dissociate water at lower potentials com-
pared to P, providing oxygen-containing species to oxidize the adsorbed frag-
ments generated from ethanol. However, although the capability of Ru atoms to
dissociate water is larger than Sn atoms,16 Pt3Ru,/C is significantly less active
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1566 TRIPKOVIC, LOVIC and POPOVIC

than Pt3Sn/C in ethanol oxidation most likely due to the slightly stronger bonded
adsorbate, i.e., higher poisoning of the surface.

Electronic effect dominantly determined the activity of the Pt3Sn/C catalyst
in ethanol oxidation and it is the main reason for its higher activity with respect
to Pt3Ruy/C.35 The structural or ensemble effects seems to be less important,
since the selectivity for oxidation to CO» is not significantly increased on both
catalysts compared to Pt/C.19

The stability of the catalysts was studied in chronoamperometric experi-
ments (Fig. 4). The highest initial current density at 0.2 V on Pt3Sn/C related to
the other two catalysts is in accordance with the potentiodynamic measurements
(Fig. 3). The currents decay rapidly at Pt/C and Pt3Ru,/C catalysts, reaching their
steady state values within a few minutes. On the other hand, the initial current
decreases dightly at Pt3Sn/C and stabilizes in the experimental period of time at
avalue which is about two times higher than at the Pt3Ru,/C catalyst. The Pt3Sn/C
catalyst is evidently less poisoned than PtgRuy/C or Pt/C.
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Ethanol oxidation at Pt3Sn/C, Pt/C and the Snypp-modified P/C and Pt3Sn/C
catalysts and the corresponding basic voltammograms are displayed in Fig. 5.

The decrease of charge in the hydrogen region of = 25 % between Pt/C and
the Snypp-modified P/C catalyst (Fig. 5A) can be related to the coverage with
Snypp, assuming that hydrogen does not adsorb on Sn.36

The activity of Pt/C catalyst was improved by the Snypp layer (Fig. 5C).
The reaction commences at ~ 0.0V (curved), i.e.,, a=~ 0.1V less positive poten-
tialsrelative to Pt/C (curve a).
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Fig. 5. (A) Basic voltammograms of Pt/C (solid line) and Pt/C modified with 25 % Snypp
(dash line); (B) basic voltammograms of the PtzSn/C electrode (solid line) and Pty Sn/C
modified with 10 % Snypp (dash-dot line); (C) potentiodynamic curves for the oxidation of
0.5M C,HsOH in 0.1 M HCIO, at Pt/C (curve a), at Pt/C modified with 25 % Snypp (curve
a), at Pt;Sn/C (curve ¢) and at Pt;Sn/C modified with 10 % Snypp (curvec'); v=20mvV s,

Comparison of PtzSn/C containing ~ 25 at. % of Sn (curve c) with Pt/C mo-
dified by the same amount of Snypp (curve &) reveals clearly that the aloy is
considerably more active. The onset of the reaction at Pt3Sn/C is shifted by more
than 0.1 V to less positive potentials and the current densities are enhanced.
Spectroscopic analysis of Snypp on P/C shows that the Snypp interacts with
oxygen species similarly asin PtzSn/C aloy, but the underpotential deposition of
Sn on Pt/C induces much smaller electronic changes in Pt/C than in Pt3Sn/C.28
This means that Snypp does not interfere remarkably with the ability of Pt to
adsorb strongly ethanol or the adsorbate generated by ethanol dissociation, which
should be the main reason for the lower activity of the Snypp modified P/C with
respect to Pt3Sn/C.

The small amount of Sn (= 10 %) electrodeposited on Pt3Sn/C (Fig. 5B)
promotes the activity of the alloy (Fig. 5C, curve ¢’), creating a powerful catalyst
for ethanol oxidation as was shown in the literature.3’ The high activity of this
catalyst can be explained by combining the electronic effect, causing less strong-
ly bonded adsorbate on the Pt sites, and the easier mobility of Snyg,38 with en-
hanced amount of oxygen-containing species on the Sn sites, resulting, as a final
consequence, in areinforcement of the bifunctional mechanism.
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Using the same approach, ethanol oxidation was examined at PtsRu,/C con-
taining 40 % of Ru (Fig. 6B) and compared with the P/C catalyst modified with
approximately the same amount (= 40 %) of Ruypp, (Fig. 6C, curves b and &',
respectively). The decrease of charge in the hydrogen region of =~ 40 % between
Ruypp modified and unmodified Pt/C catalyst (Fig. 6A) can be attributed to the
coverage with Ruypp on the Pt sites, assuming that the maximal coverage of Ru
by H adatomsis~ 15 %.39.40
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Fig. 6. (A) Basic voltammograms of Pt/C (solid line) and Pt/C modified with 40 % Ruypp
(dash line); (B) basic voltammogram of Pt;Ru,/C electrode; (C) potentiodynamic curves
for the oxidation of 0.5 M C,H50H in 0.1 M HCIO, at Pt/C (curve @), at Pt/C modified
with 40 % Ruypp (curve a’) and at PtzRu,/C (curve b); v=20mvV s1.

Inspection of the results given in Fig. 6C shows a significant difference in
respect to the corresponding results obtained at Pt3Sn/C and Snypp modified
Pt/C catalysts (Fig. 5C). The substantia easily recognized contrast is the small
difference between the activity of PtzRu,/C (curve b) and that of the Pt/C modi-
fied by the same amount of underpotentially deposited Ru (curve a’). This is
reliable proof that electronic or structural effects do not provoke a significant
influence on the activity of Ru alloyed Pt catalysts. In this context, the high al-
loying degree of 87.4 % (Table I) is not as relevant for an estimation of the ca-
talytic properties of Pt3Ru,/C asit isin a case of the Pt3Sn/C catalyst. Since un-
derpotential deposition of Ru on Pt/C does not provoke significant electronic
changes in Pt/C,16:18 ethanol oxidation on the respective catalysts obeys the con-
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ETHANOL OXIDATION AT Pt-BASED NANOALLOYS 1569

ditions relevant for the bifunctional mechanism. In this sense, the ratio between
Pt sites, which adsorb ethanol, and Ru sites, which nucleate oxygen species to
oxidize that adsorbate, becomes crucial. The ratio Pt/Ru = 60:40 fulfilled in
PtsRu,/C as well as in P/C modified by 40 % of Ruypp provide the best cata-
lytic performance.#1 The addition of ~ 10 % Ruypp on PtsRuy/C or enhancement
of the amount of Ruypp on Pt/C at 50 % decreases the activity of both catalysts,
respectively (not shown).

The activities of the catalysts studied in ethanol oxidation obtained under
quasi-steady state conditions are given in Figs. 7 and 8. In these plots, the cur-
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Fig. 7. Tafe plotsfor the oxidation of 0.5 M C,HsOH in 0.1 M HCIO4 solution at: Pt/C (curve
a), Pt/C modified with 25 % Snypp (curve a), PtzSn/C (curve c) and PtzSn/C modified with
10 % Snypp (curvec’). (A) Current density normalized to the active surface area of the
respective catalysts; (B) mass specific current density; v=1mV s1.
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1570 TRIPKOVIC, LOVIC and POPOVIC

rents are given either as active surface area normalized current densities (Figs.
7A and 8A) or as mass normalized currents (Figs. 7B and 8B). The Pt3Sn/C is
more active than the Pt/C modified by Snypp (= 25 %) catalysts (Fig. 7) and
considerably more active than Pt/C. The activity of PtsRu,/C and Pt/C modified
by Ruypp (= 40 %) are similar, but both catalysts are more active than Pt/C (Fig.
8). The activity of the respective catalysts at E = 0.1 V (SCE) summarized in
Table Il show that the ratio of the activity between the alloys and corresponding
Snypp- or Ruypp-modified P/C is generally maintained regardless of whether
the currents are given as active surface area or as mass specific currents.
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Fig. 8. Tafd plotsfor the oxidation of 0.5 M C,H50OH in 0.1 M HCIO, solution at: Pt/C (curve
a), Pt/C modified with 40 % Ruypp (curve a') and PtsRu,/C (curve b). (A) Current density
normalized to the active surface area of the respective catalysts;

(B) mass specific current density; v=1mV s1,
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Pt3Sn/C modified by = 10 % Snypp is the best catalyst studied. Its activity
enhanced more than two times in respect to Pt3Sn/C catalyst is close to the ac-
tivity attained at ternary Pt/Rh/SnO, catalyst.42-44

TABLE II. Activity of the respective catalystsat E = 0.1V (SCE)

Pt/C + Pt;Sn/C + Pt/C +
Cdalysts Pt/C 25 % Snueo Pt;Sn/C 10 % Snyeo Pt;Ru,/C 40 % Ruyep
j /T mA mg'1 1.69 3.25 11.75 25.6 5.45 4.02

j/mAcm?  24x10° 46x10° 14.2x10° 31.3x10°  6.2x10° 5.5x10°

Tafel slopes of ~ 120 mV dec! obtained at PtzSn/C and Snypp modified
Pt/C catalysts indicate that the first electron transfer could be the rate determining
step.23 Higher Tafel slopes of 140-150 mV dec® at Pt/C, PtsRuy/C and Rugg
modified Pt/C catalysts are caused by alarge poisoning of Pt.4°

CONCLUSIONS

According to the results obtained in this work dealing with the effects influ-
encing the overall ethanol oxidation on the studied catalysts, the following con-
clusions can be reached.

Both aloys are more active than Pt/C. Pt3Sn/C is more active than PtgRuy/C
or the corresponding Snypp- or Ruypp-modified Pt/C catalysts as revealed from
potentiodynamic and quasi steady state measurements. Its high activity originates
mainly from the electronic effect causing the weakly bonded adsorbate generated
by ethanol adsorption on the Pt sites and the appropriate amount of oxygen-con-
taining species labile bound to Sn to oxidize the adsorbate through the bifunc-
tional mechanism. It was concluded that the promoted OH generation is the pri-
mary reason for the enhanced activity towards ethanol oxidation on the PtzRu,/C
catalyst.

Since underpotential deposition of Sn or Ru does not provoke any significant
electronic effect, both the modified Pt/C catalysts were less active than the cor-
responding alloys. Accordingly, the more pronounced difference between the
Pt3Sn/C and the Snypp-modified Pt/C (25 % Sn) as compared to the difference
between Pt3Ru,/C and the Ruypp-modified Pt/C (40 % Ru) is caused by the
electronic effect in Pt3Sn/C.

Modification of Pt3Sn/C with a small amount of Snypp (= 10 %) creates a
powerful catalyst for overal ethanol oxidation.
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Technological Development of the Republic of Serbia, Contract No. H-142056.

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




1572 TRIPKOVIC, LOVIC and POPOVIC

U3BOA

VIIOPEJHO UCIIUTUBAIBE OKCUAALIWJE ETAHOJIA HA TNTATUHCKHUM
HAHOJIET'YPAMA U Pt HAHOYECTULIAMA MOJIUOMKOBAHUM
MNOAINIOTEHIIUIJAJIHOM JIETIO3ULIMIOM

AMAJIMJA B. TPUIIKOBUR, JEJIEHA /1. JOBUR u KCEHUJA 'B. [IOIIOBU'R
HUXTM — Lenitiap 3a eaexitipoxemujy, Yrnusepauitieii y beozpaoy, thezowesa 12, ii. ip. 473, 11000 Beozpao

AxTuBHOCT 11Be nerype, PtsSn/C u PtzRuU,/C, ynopehene cy ca akruBHoctima P/C momudu-
KOBaHHM oaroBapajyhum xommauaama Shypp (= 25 %) niu Ruypp (= 40 %) y peakuuju okcuarje
eranona. Katanmusaropu cy okapakrepucanu auppakimjom X-3paka (XRD) u ompeljen je crenen
nerupama. IbUXoBa aKTUBHOCT M CTaOMJIHOCT UCHMTHMBAHA j€ MOTEHIMOAMHAMUYKHM, KBa3H-CTa-
LMOHAPHIM M XPOHOAMIIEPOMETPHUjCKUM MepemHnMa. JJoOujeHn pe3yiTaTu cy IoKa3anu Ja cy obe
nerype aktuBHUje of Snypp U Ruypp Momudurosanor PY/C karamusaropa. AxtusHocT PtzSn/C
KaTaJi3aTopa ojpeheHa je 3HauajHUM EJICKTPOHCKUM e(EeKTOM, LITO je U IVIABHU Pa3jior HEroBe
Behe aktuBHOCTH y omuocy Ha Pt3RU/C. OmcyctBo enmekrpoHcKor edekra kox Shypp 1 Ruypp
moaudukoBanor Pt/C karanu3aTopa YMHH OBE €IEKTPOJIE Mambe aKTUBHUM O] oarosapajyhux ie-
rypa, 1j. ox Pt;Sn/C u PtzRU,/C. Beha pasnuka y aktusHocTH n3mely PtSn/C u Snypp Moaudu-
koBanor Pt/C karanusaropa Hero usmehy PtsRU/C u Ruypp Moaudukosanor Pt/C karanusaropa
n3a3BaHa je enKTpoHCKUM edektom y PtzSn/C karammsartopy. Benuka aktusaoct PtzSn/C kara-
nM3aTopa MOIH(HKOBAHOT MAJIOM KOJIUYHHOM SNypp (= 10 %) moxe ce 00jacHUTH KOMOHHALMjOM
CJIEKTPOHCKOT epeKTa, Tj. cIadjoM Be3oM aacopbarta Ha Pt mectuma n Behom MobmHOIIThY SNypp,
u noBehanom kommanHOM OHy wecTuia Ha SN MecTUMa, IITO Kao KPajibH Pe3ysTaT uMa modob-
mame OUdyHKIHOHAIHOT MEXaHH3Ma peakije.

(Mpumibeno 19. maja, pesuaupano 30. jyna 2010)
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